Among patients with recent lacunar strokes, the addition of clopidogrel to aspirin did not significantly reduce the risk of recurrent stroke and did significantly increase the risk of bleeding and death. (Funded by the National Institute of Neurological Disorders and Stroke and others; SPS3 ClinicalTrials.gov number, NCT00059306.)
A BS T R AC T

Background
Lacunar infarcts are a frequent type of stroke caused mainly by cerebral small-vessel disease. The effectiveness of antiplatelet therapy for secondary prevention has not been defined.
Methods
We conducted a double-blind, multicenter trial involving 3020 patients with recent symptomatic lacunar infarcts identified by magnetic resonance imaging. Patients were randomly assigned to receive 75 mg of clopidogrel or placebo daily; patients in both groups received 325 mg of aspirin daily. The primary outcome was any recurrent stroke, including ischemic stroke and intracranial hemorrhage.
Results
The participants had a mean age of 63 years, and 63% were men. After a mean follow-up of 3.4 years, the risk of recurrent stroke was not significantly reduced with aspirin and clopidogrel (dual antiplatelet therapy) (125 strokes; rate, 2.5% per year) as compared with aspirin alone (138 strokes, 2.7% per year) (hazard ratio, 0.92; 95% confidence interval [CI] , 0.72 to 1.16), nor was the risk of recurrent ischemic stroke (hazard ratio, 0.82; 95% CI, 0.63 to 1.09) or disabling or fatal stroke (hazard ratio, 1.06; 95% CI, 0.69 to 1.64). The risk of major hemorrhage was almost doubled with dual antiplatelet therapy (105 hemorrhages, 2.1% per year) as compared with aspirin alone (56, 1.1% per year) (hazard ratio, 1.97; 95% CI, 1.41 to 2.71; P<0.001). Among classifiable recurrent ischemic strokes, 71% (133 of 187) were lacunar strokes. Allcause mortality was increased among patients assigned to receive dual antiplatelet therapy (77 deaths in the group receiving aspirin alone vs. 113 in the group receiving dual antiplatelet therapy) (hazard ratio, 1.52; 95% CI, 1.14 to 2.04; P = 0.004); this difference was not accounted for by fatal hemorrhages (9 in the group receiving dual antiplatelet therapy vs. 4 in the group receiving aspirin alone). S mall subcortical brain infarcts, commonly known as lacunar strokes, constitute about 25% of ischemic strokes [1] [2] [3] and are particularly frequent among Hispanics. [4] [5] [6] [7] [8] [9] Although lacunar strokes occasionally result from mechanisms of brain ischemia such as cardiogenic embolism or carotid-artery stenosis, most result from intrinsic disease of the small penetrating arteries. This underlying disorder is the most frequent cause of covert brain infarcts and vascular cognitive impairment. [10] [11] [12] To our knowledge, the secondary prevention of lacunar stroke as detected by the use of magnetic resonance imaging (MRI) has not been the focus of a randomized trial.
Aspirin is accepted as standard antiplatelet therapy in patients with lacunar infarcts. 13 The addition of clopidogrel to aspirin has been shown to reduce the risk of stroke among patients with atrial fibrillation 14 and those with acute coronary syndromes, 15 but dual antiplatelet therapy has been associated with increased bleeding. 16 The Secondary Prevention of Small Subcortical Strokes (SPS3) trial tested two randomized interventions, in a 2-by-2 factorial design, in patients with recent symptomatic, MRI-confirmed lacunar stroke: clopidogrel and aspirin versus aspirin alone and two target levels of systolic blood pressure. The antiplatelet component of the trial was terminated at the recommendation of the data and safety monitoring committee because of lack of efficacy combined with evidence of harm. The final results of the antiplatelet component of the trial are presented here.
Me thods
Study Design
In brief, SPS3 was a randomized, multicenter clinical trial conducted in 82 clinical centers in North America, Latin America, and Spain. (Details of the rationale for the study, the design, and characteristics of the participants have been described elsewhere. 17, 18 ) In accordance with the 2-by-2 factorial design of the study, eligible patients underwent simultaneous randomization to the antiplatelet intervention (in which both patients and practitioners were unaware of group assignments) and to one of the two groups defined by target levels for systolic blood pressure (<130 mm Hg vs. 130 to 149 mm Hg) (with patients and practitioners aware of the group assignments). Randomized assignments, stratified according to clinical center and baseline hypertensive status, were generated with the use of a permuted-block design (with a variable block size) and protected from previewing. All participants were given 325 mg of enteric-coated aspirin daily and were randomly assigned to receive 75 mg of clopidogrel daily or a matching placebo, with adherence measured by means of pill counts performed at quarterly follow-up visits.
The study was conducted and reported in accordance with the protocol and statistical analysis plan, which are available with the full text of this article at NEJM.org. The trial was designed and executed by the SPS3 investigators. The members of the writing group vouch for the data and wrote this report without professional editorial assistance. Participation required written informed consent and approval by the human research subjects committee at each study center.
SPS3 was an investigator-initiated trial funded by a cooperative agreement with the National Institute of Neurological Disorders and Stroke (NINDS). Clopidogrel and the matching placebo were donated by Sanofi-Aventis and Bristol-Myers Squibb, but neither company had any involvement in the design or execution of the trial or in the analysis or reporting of the data. There were no confidentiality agreements between the study sponsor (NINDS) and investigators.
Selection of Patients
Patients were eligible for participation in the study if they were 30 years of age or older, had undergone a symptomatic lacunar stroke within the preceding 180 days, and did not have surgically amenable ipsilateral carotid artery disease or major risk factors for cardioembolic sources of stroke. To avoid a lowering of blood pressure after acute stroke, randomization did not take place for at least 2 weeks after the qualifying stroke. Participants with a clinical lacunar syndrome were required to meet MRI criteria that included a lesion measuring 2.0 cm or less in diameter on diffusion-weighted imaging that corresponded to a positive apparent-diffusion-coefficient image or a lesion with a well-delineated area of focal hyperintensity that was 2.0 cm or less in diameter on fluid-attenuated inversion recovery imaging or T 2 -weighted imaging that corresponded to the clinical syndrome. Patients with transient lacunar ischemic attacks were included only if there was evidence of the attacks on diffusion-weighted MRI. MRI scans were assessed by the investigators at each study site and then submitted for interpretation by a neuroradiologist located at the SPS3 Coordinating Center. Patients with MRI evidence of a recent or remote cortical infarct, a large subcortical infarct (measuring more than 1.5 cm in diameter), or a history of intracerebral hemorrhage were excluded (but those with microbleeding were not). 17 Additional exclusion criteria were disabling stroke (defined by a modified Rankin score of 4 or more on a scale of 0 to 6, with higher scores indicating more severe disability) and previous intracranial hemorrhage (with the exception of traumatic hemorrhage) or cortical ischemic stroke.
Outcomes
The primary hypothesis was that clopidogrel added to aspirin would be superior to aspirin alone in reducing the primary outcome of stroke recurrence (any ischemic stroke or intracranial hemorrhage, including subdural hematomas). Prespecified subgroup analyses assessed the primary outcome according to ethnic group (Hispanic vs. non-Hispanic white), use of aspirin at the time of the qualifying event (yes vs. no), and status with respect to diabetes. Ethnic group was self-reported; participants who identified themselves as Spanish or Latino were classified as Hispanic according to the criteria used in the San Antonio Heart Study. 19 Patients taking aspirin (at any dose) at the time of their qualifying event were included in the subgroup analyses; patients taking aspirin in combination with clopidogrel (45 patients), clopidogrel alone (35 patients), or other antiplatelet agents, alone or in combination (34 patients), were not included in these analyses. Additional subgroup analyses, which were not prespecified, were based on age, sex, and region; the results of these analyses are reported here.
Ischemic stroke was clinically defined as a focal neurologic deficit of sudden onset persisting for more than 24 hours, and without evidence of hemorrhage on neuroimaging. Intracranial hemorrhages included those in intracerebral, subdural, epidural, and subarachnoid locations as documented on neuroimaging. Assessment for recurrent stroke took place 3 to 6 months after the initial stroke. Recurrent stroke was considered to be disabling if the modified Rankin score was 4 or higher. In the 25% of participants for whom a Rankin score obtained within the 3-to-6-month interval after the initial stroke was not available, the last available Rankin score after stroke recurrence was used. Strokes were counted as fatal if death occurred within 30 days or if it occurred after 30 days and was attributable to the stroke.
Secondary outcomes included acute myocardial infarction and death, classified as having a vascular, nonvascular, or unknown cause. The primary safety outcome was major extracranial hemorrhage, defined as serious or life-threatening bleeding requiring transfusion of red cells or surgery or resulting in permanent functional sequelae or death. All reported efficacy and safety outcomes were confirmed by a central adjudication committee that was unaware of the treatment assignments and that classified ischemic strokes according to the presumed mechanism on the basis of available diagnostic studies.
Statistical Analysis
The initial sample size of 2500 patients was calculated on the basis of an assumed average followup of 3 years, an estimated 3-year rate of recurrent stroke of 21%, and a 25% relative reduction in the risk of stroke in the group receiving dual antiplatelet therapy (clopidogrel and aspirin), with a type I error of 0.05 and a type II error of 0.10. The sample size was reestimated midway through the trial to assess power on the basis of the observed overall event rate at that time, with the result that the sample size was increased from 2500 to 3000 patients, with a 1-year extension of follow-up. 20 The main analyses were based on standard time-to-event methods, with each treatment group assessed with the use of the log-rank test; Cox proportional-hazards models were used to calculate hazard ratios. The time to an event was calculated as the time to the first event in the case of multiple events of the same type and for the composite end point of stroke, myocardial infarction, or death from vascular causes. Data for patients without events were censored at the time of termination of study participation or at death. The interaction between the antiplatelet therapy and blood-pressure therapy was assessed 
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to ensure that it was not significant before the effect of the antiplatelet therapy was assessed.
For each model, we assessed the interaction between study treatment and study time, which was defined as a continuous variable to test whether the proportional-hazards assumption was violated. Interactions between planned covariates and antiplatelet assignment were evaluated with the use of Cox models to determine whether the treatment effect differed in specific subgroups. All analyses were based on the intention-to-treat principle. The trial was monitored by an independent data and safety monitoring committee selected by the study sponsor. Two planned interim analyses were performed after one third and two thirds of the primary events had transpired, with the use of Haybittle-Peto bounds and with futility analyses based on conditional power. At the recommendation of the data and safety monitoring committee, the antiplatelet component of the trial was stopped by the sponsor 10 months before the planned end date, after completion of the second planned interim analysis, because of futility with respect to the primary outcome coupled with evidence of harm. The component of the trial involving blood-pressure targets is ongoing, and no significant interactions between the two interventions have been found with regard to the primary outcome.
R e sult s
Study Participants
Between 2003 and 2011, a total of 3020 patients were enrolled in the study: 1503 in the group treated with aspirin plus placebo and 1517 in the group treated with aspirin plus clopidogrel. A total of 1960 of the participants (65%) were from North America, 694 (23%) from Latin America, and 366 (12%) from Spain. Participants had been followed for a mean of 3.4 years (range, 0 to 8.2) at the time of termination of the antiplatelet component of the study in August 2011 (see Fig.  S1 in the Supplementary Appendix, available at NEJM.org). The mean (±SD) age of the participants was 63±11 years, and 63% were men; 75% of the participants had a history of hypertension, 37% had diabetes, and 20% were current tobacco smokers ( Table 1 ). The median time from the date of the qualifying stroke to randomization was 62 days. Among all participants, the mean systolic blood pressure was 143±19 mm Hg at study entry and declined to 131±16 mm Hg by the time of the last follow-up visit.
During active participation, the estimated average rate of adherence to the assigned antiplatelet regimen was 94%. Permanent discontinuation of assigned antiplatelet therapy occurred in 30% of the patients in the group receiving dual antiplatelet therapy and in 27% of the patients receiving aspirin alone (P = 0.02). Among participants who did Use of aspirin at time of qualifying event (%) 28 28 Use of statin at any follow-up visit (%) 85 84
not complete the study, 2% were lost to follow-up, 7% withdrew consent, 5% left because of site closure, 1% withdrew at the physician's request, and 1% withdrew for other reasons (Fig. S1 in the Supplementary Appendix). Statin therapy was prescribed for 84% of patients during follow-up.
Recurrent Stroke
A total of 263 participants had a recurrent stroke: 224 (85%) had an ischemic stroke and 34 (13%) had an intracranial hemorrhage; the type of stroke was unknown for the remaining 5 patients (2%) because they did not undergo neuroimaging. There was no significant interaction between the antiplatelet and blood-pressure therapies (P = 0.46 for the interaction); the hazard ratio for recurrent stroke in the group with a bloodpressure target of 130 to 149 mm Hg was 0.84 (95% confidence interval [CI], 0.61 to 1.17) and the hazard ratio in the group with a target of less than 130 mm Hg was 1.01 (95% CI, 0.71 to 1.45). The risk of recurrent stroke among patients assigned to receive aspirin alone was 2.7% per year and was not significantly reduced among those receiving dual antiplatelet therapy (2.5% per year; hazard ratio, 0.92; 95% CI, 0.72 to 1.16) ( Table 2 and Fig. 1) . A nonsignificant decrease of 18% in the relative risk of recurrent ischemic stroke associated with dual antiplatelet therapy was observed and was offset by a nonsignificant * A time-to-first-event model was used for each outcome category; rates are annualized. The total number of patientyears of exposure for the primary outcome (all strokes) was 5026 for patients assigned to aspirin plus placebo and 5114 for those assigned to aspirin plus clopidogrel. CI denotes confidence interval. † The five patients with strokes classified as unknown were those who did not undergo neuroimaging; three of the stroke events were defined as probable ischemic events on central adjudication, and two were defined as probable ischemic events on local adjudication. ‡ Of 82 strokes that were classified as disabling or fatal (including ischemic, hemorrhagic, and unknown), 16 were fatal strokes and 65 were defined as disabling on the basis of a modified Rankin score of 4 or more (on a scale of 0 to 6, with higher scores indicating more severe disability). Another 14 strokes could not be classified and were excluded from these analyses. Data for patients with nondisabling strokes were censored at the time of the primary event. § Other thromboembolic events included venous thromboembolism (18 events with dual antiplatelet therapy and 10 with aspirin alone) and peripheral arterial embolism (2 and 1, respectively). ¶ Major vascular events were defined as stroke, myocardial infarction, or death resulting from a vascular event.
The increase of 70% in the relative risk of intracerebral hemorrhage ( Table 2 , and Fig. S2B in the Supplementary Appendix) There was no heterogeneity of treatment effect on the primary outcome according to age or sex or among the prespecified subgroups (Fig. 2) . In the group receiving dual antiplatelet therapy, there was no significant reduction in the risk of disabling or fatal stroke (hazard ratio, 1.06; 95% CI, 0.69 to 1.64) or in the composite outcome of stroke, myocardial infarction, or death from vascular causes (hazard ratio, 0.89; 95% CI, 0.72 to 1.11) ( Table 2) .
Deaths
All-cause mortality was increased among patients assigned to dual antiplatelet therapy as compared with those assigned to aspirin alone (hazard ratio, 1.52; 95% CI, 1.14 to 2.04; P = 0.004), with similar trends toward an increase in death with dual antiplatelet therapy observed for all categories of cause of death ( Table 2 , and Fig. S2C in the Supplementary Appendix). Fatal stroke occurred in 16 patients, with death occurring in 13 of these patients within 30 days of the stroke. Fatal hemorrhages occurred in 9 patients assigned to dual antiplatelet therapy and 4 assigned to aspirin alone (hazard ratio, 2.29; P = 0.17); 85% of fatal hemorrhages (11 of 13) were intracranial (Table 3) .
Hemorrhage
The rate of all major hemorrhages was 1.1% per year among patients receiving aspirin alone and was almost doubled among those assigned to dual antiplatelet therapy (hazard ratio, 1.97; 95% CI, 1.41 to 2.71; P<0.001) ( Table 3 , and Fig. S2 in the Supplementary Appendix) Although the increase in central nervous system bleeding in the dual antiplatelet therapy group was not significant (hazard ratio, 1.52; 95% CI, 0.79 to 2.93), the yearly rate of major extracranial hemorrhage was more than doubled in that group (hazard ratio, 2.15; 95% CI, 1.49 to 3.11; P<0.001) ( Table 3 ).
Ischemic Stroke
Among the patients with recurrent acute is chemic strokes who underwent neuroimaging, 58% (126 of 219) had evidence of an acute small subcortical infarct on neuroimaging, and 71% of classifiable recurrent ischemic strokes (133 of 187) were deemed to be recurrent lacunar strokes on the basis of both clinical assessment and imaging review. The rate of recurrent lacunar infarcts was not reduced among patients receiving dual antiplatelet therapy (infarcts occurred in 67 of the patients receiving aspirin alone and 66 of the patients receiving dual antiplatelet therapy) ( Table  S1 in the Supplementary Appendix).
Discussion
In this cohort of patients with recent lacunar stroke identified on MRI, the addition of clopidogrel to aspirin did not reduce stroke recurrence. The extreme of the 95% confidence interval around the observed point estimate was bounded by a relative risk reduction of 28% with dual antiplatelet therapy, arguably excluding a clinically meaningful reduction, considering the increased bleeding associated with dual antiplatelet therapy. After the SPS3 trial had been designed and initiated, two large, randomized trials involving patients with a heterogeneous spectrum of vascular disease or vascular risk factors assessed dual antiplatelet therapy with clopidogrel and aspirin for the prevention of vascular events, including stroke, as compared with either aspirin alone or clopidogrel alone, and the overall results were negative. 21, 22 However, the importance of assessing the effect of antiplatelet agents on well-defined subtypes of ischemic stroke is illustrated by the strongly positive reduction in the risk of stroke observed in a study comparing clopidogrel plus aspirin with aspirin alone in patients with atrial fibrillation in whom the primary mechanism of stroke was cardioembolic. 14 The SPS3 trial documents the lack of benefit of dual antiplatelet therapy in a specific, well-defined subtype of ischemic stroke that results primarily from cerebral small-artery disease. These results must be interpreted in the context of the other component of the trial, which involved vigorous management of blood pressure. 17 The rate of recurrent stroke among patients taking aspirin alone (2.7% per year) was substantially lower than anticipated. The use of statins by the majority of the study participants and the good blood pressure control achieved probably contributed to the low observed rate in our trial, which was similar to the rates in other recent trials testing antiplatelet therapies for the prevention of recurrent stroke. 23, 24 Dual antiplatelet therapy was associated with a trend toward a reduction in recurrent strokes attributed to atherosclerosis but not recurrent lacunar strokes, a finding that supports the hypothesis that the role of platelets is different in different types of ischemic cerebrovascular disease (Table S1 in the Supplementary Appendix). It has been speculated that thrombosis may have a minimal role in precipitating occlusions of small, penetrating cerebral arteries. 25 The risk of major hemorrhage was increased among patients assigned to dual antiplatelet therapy rather than aspirin (hazard ratio, 1.97; P<0.001), and this increase was observed in cases of both extracranial bleeding (hazard ratio, 2.15; P<0.001) and intracranial bleeding (hazard ratio, 1.52; P = 0.21), although the latter increase was not significant. An absolute increase in the rate of major extracranial bleeding from about 1% per year with aspirin to 1.5 to 1.7% per year with dual antiplatelet therapy was anticipated on the basis of data from previous studies. 14, 16, 26, 27 In the SPS3 trial, as in previous trials, 14,15 the majority of cases of excess bleeding with dual antiplatelet therapy were gastrointestinal. In the large CHARISMA (Clopidogrel for High Atherothrom- 
824
botic Risk and Ischemic Stabilization, Management, and Avoidance) trial, the risk of intracranial bleeding was not increased when clopidogrel was added to aspirin, 22 but this result is at odds with the findings in other randomized trials. 14, 28 The dose of enteric-coated aspirin (325 mg daily) in the SPS3 trial was higher than that used in several other trials testing the effects of clopidogrel combined with aspirin. 14,22 Exploratory analyses in one study suggested that when combined with clopidogrel, higher doses of aspirin could be less efficacious than lower doses for the prevention of vascular events. 29 However, in two trials of aspirin plus clopidogrel in patients with acute coronary syndromes, the aspirin dose had no observed effect on the prevention of ischemic events, 30,31 nor did it have an effect on stroke outcomes in a trial involving patients with vascular disease or vascular risk factors, 29 making it unlikely that the aspirin dose tested in the SPS3 trial accounted for the absence of an increase in efficacy with dual antiplatelet therapy.
The increase in the rate of death from any cause among the patients assigned to clopidogrel plus aspirin was unexpected, and the observed increase was not accounted for by fatal hemorrhages, the most biologically plausible explanation. Previous randomized trials assessing the effect of clopidogrel added to aspirin have not shown an overall increase in mortality. 15, 32 Consequently, the increased mortality associated with dual antiplatelet therapy observed in the SPS3 trial can probably be explained by the specific patient population or by chance. The SPS3 trial cohort had a low frequency of recognized coronary artery disease at entry (10%), a low incidence of myocardial infarction (0.7% per year), and a lower observed mortality than that in other recent stroke-prevention trials, 21, 23, 24 suggesting that vascular disease associated with lacunar stroke has a unique profile.
In conclusion, in this clinical trial of clopidogrel and aspirin, as compared with aspirin alone, in patients with a recent lacunar stroke identified on MRI, we found that the anticipated increase in the risk of major hemorrhage with dual antiplatelet therapy was not offset by a reduction in the risk of stroke recurrence, and there was an unexpected increase in mortality. Additional results from the component of the SPS3 trial involving blood pressure control are anticipated in 2012.
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Disclosure forms provided by the authors are available with the full text of this article at NEJM.org. * A time-to-first-event model was used for each outcome category; rates are annualized. All adjudications were performed centrally by the SPS3 adjudication committee. CI denotes confidence interval. † In the group taking aspirin plus placebo, two events were adjudicated as both intracerebral and other, and one event was adjudicated as both intracerebral and subdural. In the group taking aspirin plus clopidogrel, one event was adjudicated as both intracerebral and other, and one event was adjudicated as both intracerebral and subdural. ‡ The site of bleeding was determined by an investigator at the local study center.
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